V enous thromboembolism (VTE) is associated with significant morbidity and mortality, and is the third leading cause of cardiovascular death. [1] [2] [3] Of those patients who experience a first VTE, %20% present with sudden death secondary to pulmonary embolism (PE), %30% have died within 30 days, and %30% develop recurrent VTE within 10 years. 4 Additionally, %2% of patients with VTE treated with vitamin K antagonists experience major bleeding events within 3 months, of which up to 18% are fatal. 5 The standard regimen of anticoagulation treatment for VTE is complex and inconvenient, particularly in outpatient settings, as it involves overlapping a vitamin K antagonist with parenteral anticoagulants that require daily subcutaneous injections for ≥5 days. [6] [7] [8] Additionally, long-term use of vitamin K antagonists for the treatment of VTE is limited by concerns of bleeding, the narrow therapeutic window, and patient inconvenience due to the need for frequent international normalized ratio monitoring and numerous drug-drug and food interactions.
Apixaban for the Initial Management of Pulmonary Embolism and Deep-Vein Thrombosis as First-line Therapy (AMPLIFY; NCT00643201) trial showed that apixaban was noninferior to conventional therapy (enoxaparin/warfarin) for the primary efficacy outcome, recurrent symptomatic VTE or VTE-related death (2.3% versus 2.7%, respectively), and was associated with fewer major bleeding events (0.6% versus 1.8%, respectively, P<0.001). 12 The Apixaban after the Initial Management of Pulmonary Embolism and Deep-Vein Thrombosis with FirstLine Therapy-Extended Treatment (AMPLIFY-EXT; NCT00633893) trial showed that compared with placebo, both the 2.5-mg and the 5-mg doses of apixaban reduced the risk of recurrent fatal or nonfatal VTE over 12 months, and that the rates of major bleeding were both low and comparable to those in the placebo group. 13 Our previous analysis of the AMPLIFY-EXT trial showed that extended anticoagulation with apixaban reduced the risk of all-cause hospitalizations compared with placebo in patients with VTE who had already received anticoagulant therapy for 6 to 12 months for their index event.
14 The primary objective of this analysis was to evaluate the efficacy of apixaban compared with conventional therapy (enoxaparin/warfarin) for the reduction of all-cause hospitalizations in patients with VTE who were enrolled in the AMPLIFY trial. Secondary end points included time to first hospitalization, length of hospital stay, and reasons for hospital admission.
Methods

Study Population
The study design and results of the AMPLIFY trial have been reported previously. 12 AMPLIFY was a randomized, activecontrolled, parallel-group, double-blind, noninferiority trial in which patients with VTE were enrolled from August 2008 through August 2012. The protocol was approved by the institutional review board at each center and written informed consent was obtained from all patients.
12
Patients were included if they were aged ≥18 years; had objectively confirmed symptomatic proximal deep-vein thrombosis (DVT) or PE (with or without DVT), and had provided written informed consent. 12 Patients were excluded from the study if they had active bleeding or a high risk of bleeding, <6 months of anticoagulation planned for the most recent DVT or PE, or an indication other than VTE for which long-term anticoagulation was planned. Other exclusion criteria included contraindications to treatment with either enoxaparin or warfarin, life expectancy <6 months, platelet count <100 000/mm 3 , hemoglobin <9 g/dL, serum creatinine >2.5 mg/dL, calculated creatinine clearance (CrCL) <25 mL/ min, alanine aminotransferase or aspartate transaminase >29the upper limit of normal or total bilirubin >1.59upper limit of normal. 12 
Randomization
Patients were assigned to receive apixaban, 10 mg twice daily for the first 7 days, followed by 5 mg twice daily for 23 weeks, or enoxaparin 1 mg/kg of body weight every 12 hours for at least 5 days, followed by warfarin, begun concomitantly, for 6 months. 12 Randomization was performed with the use of an interactive voice-response system and stratified according to the qualifying diagnosis of either symptomatic proximal DVT or symptomatic PE (with or without DVT). Patients were assigned to receive apixaban tablets plus placebo enoxaparin injections and placebo warfarin tablets or conventional therapy plus placebo apixaban tablets.
Clinical Outcomes
Primary clinical outcomes
The primary efficacy outcome for AMPLIFY was the incidence of the adjudicated composite of recurrent symptomatic VTE or VTE-related death, and the primary safety outcome was adjudicated major bleeding.
12
Hospitalizations
All-cause hospitalizations, emergency room visits, doctor's office visits, rehabilitation unit and nursing home admissions after the index event were captured by dedicated case report forms during the study conduct. The hospitalizations reported here are new hospitalizations that occurred either after the initial hospitalization or after commencing therapy for planned outpatient management. The outcomes of interest for this analysis were the rate of all-cause hospitalizations, length of hospital stay, the time from randomization to first hospitalization, the reason for first hospitalization, and types of healthcare provider visit or admission. For hospitalization data, patients were censored at death, lost to follow-up, or end of study, whichever came first.
Statistical Analysis
A time-to-event analysis was conducted for the first hospitalization according to treatment group. Time-to-event curves were calculated using the Kaplan-Meier method. Hospitalizations data were summarized using descriptive statistics. A Cox proportional hazards regression model or a stratified CochranMantel-Haenszel test was used to examine the effects of treatment with apixaban versus enoxaparin/warfarin. A t test with Satterthwaite unequal variance adjustment was used to examine the statistical difference in mean length of stay for hospitalized patients after the index event between the 2 treatment groups. A zero-inflated Poisson regression was used to estimate the mean length of stay after the index event for all patients in either treatment group because many patients were not readmitted. The intention-to-treat population comprised all randomized subjects with a nonmissing primary end point. All efficacy analyses included data for patients in the intention-to-treat population for whom the outcome status at 6 months was documented. All safety analyses included data from patients during study treatment, defined as the time from the administration of the first dose until 48 hours after the last dose was administered. An analysis was conducted to test the interaction between treatment and the following subgroups using the same model: index event (DVT; PE), sex (male; female), age (<65 years; 65-75 years; >75 years), weight (<60 kg; 60-100 kg; >100 kg), and level of renal impairment (severe or moderate [CrCL ≤50 mL/min]; mild [CrCL >50 to ≤80 mL/min]; normal [CrCL >80 mL/min]). CrCL (mL/min) was calculated using the Cockcroft-Gault equation as ([140Àage]9[weight at baseline (kg)])/(serum creatinine at baseline972) for males; for females this calculation is adjusted by multiplying by a factor of 0.85. All statistical analyses were conducted using SAS â software version 9.
Results
The clinical efficacy and safety results of the AMPLIFY trial have been published previously. 12 Briefly, a total of 5614 patients were enrolled at 358 centers in 28 countries; 5 patients (apixaban, n=2; enoxaparin, n=3) were excluded due to an absence of source documentation. The intentionto-treat population included 2691 patients assigned to apixaban and 2704 assigned to enoxaparin/warfarin. The safety population included 2676 patients assigned to apixaban and 2689 assigned to enoxaparin/warfarin. For the primary efficacy outcome, recurrent VTE, apixaban was noninferior to enoxaparin/warfarin (2.3% versus 2.7%; relative risk 0.84, 95% CI=0.60-1.18, P<0.001). 12 The rate of major bleeding, the primary safety outcome, was significantly reduced with apixaban compared with enoxaparin/warfarin (0.6% versus 1.8%; relative risk 0.31, 95% CI=0.17-0.55, P<0.001).
12
Hospitalizations Outcomes
Over the 6-month period, there were 182 and 218 all-cause hospitalizations after and not including the index event in the apixaban and enoxaparin/warfarin groups, respectively. Of these, a significantly lower proportion of apixaban-treated patients had ≥1 hospitalization after and not including the index event compared with those treated with enoxaparin/ warfarin (5.72% versus 7.07%, hazard ratio 0.804, 95% CI=0.650-0.995, P=0.045; Table 1 ). Similar results were seen for hospitalizations that occurred in the first 30 days (2.28% and 3.35% in the apixaban and enoxaparin/warfarin groups, respectively; hazard ratio 0.676, 95% CI=0.488-0.935, P=0.018; Table 1 ). The total length of hospital stay for hospitalizations after and not including the index event was 1535 days for patients treated with apixaban versus 2197 days for those treated with enoxaparin/warfarin ( Table 2 ). The mean (SD) length of hospital stay per (Table 2) . For all patients, the average estimated number of days spent in the hospital per patient after and not including the index event was also shorter with apixaban than with enoxaparin/warfarin (0.57 days versus 1.01 days, P<0.0001). The median time to first hospitalization was longer for patients receiving apixaban than for those receiving enoxaparin/warfarin (63.0 days versus 34.5 days; Figure 1) . Irrespective of the subgroups analyzed, the treatment effect of apixaban versus enoxaparin/warfarin for the outcome of time to first hospitalization was consistent with the overall results (Figure 2) .
Reasons for Hospitalizations
The numbers of patients hospitalized for VTE recurrence was lower in patients receiving apixaban than in those receiving enoxaparin/warfarin (37 versus 48; Table 3 ). Similarly, the number of patients hospitalized for bleeding events was also lower in patients receiving apixaban than in those receiving enoxaparin/warfarin (31 versus 59; Table 3 ). The number of Journal of the American Heart Association patients hospitalized for cardiovascular reasons was 23 in the apixaban group and 29 in the enoxaparin/warfarin group (Table 3) . Of the other reasons for hospitalizations in apixaban-treated versus enoxaparin/warfarin-treated patients (80 versus 73), the most common causes were sepsis (15 versus 10), cancer (10 versus 7), respiratory (6 versus 5), and surgery (6 versus 2).
Types of, and Reasons for, Healthcare Provider Visits or Rehabilitation Unit Admissions Other Than Hospitalizations
The numbers of emergency room visits and rehabilitation unit admissions were similar in both treatment groups (P=0.631 and 0.692, respectively); however, the number of doctor's office visits was significantly lower in apixaban-treated than in enoxaparin/warfarin-treated patients (P=0.026; 
Discussion
This analysis of the double-blind AMPLIFY trial demonstrated the benefits of apixaban versus enoxaparin/warfarin with respect to hospitalizations in patients being treated for VTE. The analysis demonstrated that apixaban significantly reduced both the risk of all-cause hospitalizations and other healthcare provider visits compared with enoxaparin/warfarin over 6 months. All-cause hospitalization was also significantly reduced with apixaban versus enoxaparin/warfarin within the first 30 days after the index event. Additionally, apixaban reduced the length of stay in hospital per patient compared with enoxaparin/warfarin. These results were consistent across key subgroups. The main reasons for hospitalizations were VTE recurrence and bleeding events, both of which were lower in apixaban-treated than enoxaparin/warfarin-treated patients.
The reduction in all-cause hospitalizations by apixaban versus enoxaparin/warfarin may be explained by the overall trial results that showed apixaban significantly reduced major bleeding compared with enoxaparin/warfarin (relative risk 0.31, 95% CI=0.17-0.55) and had a numerically lower risk of VTE recurrence or VTE-related death (relative risk 0.84, 95% CI=0.60-1.18). 12 Patients randomized to apixaban did not receive bridging therapy with low-molecular-weight heparin. However, this did not compromise the rates of VTE recurrence or VTE-related death, or the rate of all-cause hospitalizations. This suggests that bridging therapy with low-molecular-weight heparin is not necessary with apixaban. Therefore, the increased risk of bleeding associated with switching treatments between parenteral anticoagulants and oral anticoagulants such as warfarin is likely to be reduced. These results are consistent with an analysis from the AMPLIFY-EXT trial, which showed that extended anticoagulation with apixaban reduced the risk of all-cause hospitalizations in patients with VTE who had already received anticoagulant therapy for 6 to 12 months for their index event.
14 This result was also consistent across key subgroups including index event, sex, age, level of renal impairment, and weight, and also with the overall trial results that showed both doses of apixaban reduced the risk of recurrent VTE or all-cause death compared with placebo. 12 In addition, apixaban was shown to extend the mean time to first hospitalization compared with placebo by 43 days in the 2.5-mg twice-daily group and 49 days in the 5-mg twice-daily group, and to reduce the median length of stay of first hospitalization (apixaban 5 mg, 4.5 days; apixaban 2.5 mg, 5.0 days; placebo, 7.0 days). 14 In the AMPLIFY-EXT trial, the rates of major bleeding were low and similar in the apixaban and placebo groups (apixaban 2.5 mg, 0.2%; apixaban 5 mg, 0.1%; placebo 0.5%). 13 VTE recurrence accounted for 51.6% of hospitalizations in the placebo group, which was reduced with both apixaban 2.5 mg and 5 mg (26.2% and 17.7%, respectively). Although bleeding rates were low and similar in AMPLIFY-EXT, and not a main reason for hospitalization, apixaban still reduced the risk of hospitalization compared with placebo, possibly due to reducing the risk of VTE recurrence.
In addition to reducing all-cause hospitalizations, apixaban also reduced the number of doctor's office visits and was associated with fewer healthcare provider visits or rehabilitation unit admissions for VTE and bleeding events compared with enoxaparin/warfarin. In the AMPLIFY trial, apixaban was noninferior to enoxaparin/warfarin for the treatment of acute VTE with significantly less major bleeding, 12 which may be one of the reasons for the reduction in healthcare provider visits or rehabilitation unit admissions. Warfarin also carries a substantial risk of hemorrhage, a narrow therapeutic margin necessitating frequent monitoring of the international normalized ratio level, and interactions with numerous drugs and foods that necessitate dose adjustments that are not required with apixaban. The estimated annual cost of VTE treatment is $2 billion (US $, 2013) in the United States, which rises to $15.6 to $34.8 billion upon inclusion of complications, productivity loss, and other societal costs. 15 Of these figures, hospitalizations and inpatient management of VTE account for more than 50% of total costs. 16, 17 Therefore, taking both the AMPLIFY and AMPLIFY-EXT studies into account, the reduction in all-cause hospitalizations with apixaban versus enoxaparin/warfarin could lead to significant savings in the annual costs of VTE treatment. In addition, from a UK National Health Service perspective, 6-month treatment with apixaban following a VTE event was found to be cost-effective compared with dabigatran, rivaroxaban, and low-molecular-weight heparin/warfarin. 18 This study was performed in the setting of a randomized, double-blind, active-controlled clinical trial, minimizing the possibility of treatment selection bias and treatment-related management decisions. Although the results are likely to be generalizable, as a wide spectrum of patients were recruited, most of whom had unprovoked VTE, further studies are needed to examine whether the results could be generalized to the real-world clinical practice setting. Randomized controlled trials include patients and participating centers that may not be entirely representative of the real-world setting. For example, hospital admission and length of stay may be influenced by healthcare system factors, such as diagnostic or treatment protocols, patient access to outpatient thrombosis services, and cost incentives for early discharge. 19 Physician and patient preference may be another important factor influencing hospitalizations and length of stay. Furthermore, additional information is needed regarding patients with cancer, low body weight, or CrCL <50 mL/min. There are penalties in some clinical venues for 30-day readmissions after discharge from index hospitalization. Although 30-day readmissions after the index event are reported here, data for time to rehospitalizations from discharge date were not collected, which is also a limitation of this study.
Conclusions
This analysis demonstrated that compared with enoxaparin/ warfarin, apixaban reduced all-cause hospitalizations, resulted in a lower number of hospitalized patients, and reduced the mean length of hospital stay in patients treated for acute VTE. This reduction in all-cause hospitalizations was observed Data are n (%). Hospitalizations data were summarized using descriptive statistics. DVT indicates deep-vein thrombosis; INR, international normalized ratio; PE, pulmonary embolism; VT, venous thrombus; VTE, venous thromboembolism. *General was a category for events that did not fit into other categories.
within the first 30 days after the index event, and was mainly due to fewer recurrent VTE and bleeding events in apixabantreated patients compared with enoxaparin/warfarin-treated patients. Additionally, the mean length of hospital stay was shorter for patients treated with apixaban than for patients treated with enoxaparin/warfarin. These findings indicate that apixaban therapy for VTE could lead to significant cost savings.
